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BACKGROUND 

Annual f o r e c a s t s  of t h e  magnitude of  t h e  run of  sockeye salmon t o  t h e  
Chignik River system were begun by t h e  F i s h e r i e s  Research I n s t i t u t e  i n  1958. 
The Alaska Department of  F ish  and Game has a s s i s t e d  i n  t h e  c o l l e c t i o n  and 
eva lua t ion  of d a t a  s i n c e  1960. Dalhberg (1968) analyzed t h e  ca t ch ,  escape- 
ment, and age records  of t h e  Chignik sockeye runs  s i n c e  1888, modified t h e  
system of f o r e c a s t i n g  t h e  magnitude and t iming of  t h e  Black Lake s tock ,  and 
developed a  new method of  f o r e c a s t i n g  f o r  t h e  Chignik Lake s tock .  

The p re sen t  f o r e c a s t  o f  t h e  Chignik sockeye run  is  a r e s u l t  o f  coopera- 
t i v e  e f f o r t  of b i o l o g i s t s  of t h e  F i s h e r i e s  Research I n s t i t u t e  and t h e  Alaska 
Department of  F ish  and Game. P r o j e c t  r e s p o n s i b i l i t i e s  i n  1968 were a s  fol lows:  

For t h e  F i s h e r i e s  Research I n s t i t u t e  - M r .  W i l l i a m  P a r r  was r e spons ib l e  
f o r  t h e  Chignik program, conducted nursery  l ake  s t u d i e s ,  and read  t h e  s c a l e  
samples used i n  t h e  age a n a l y s i s  of  t h e  1968 run .  

For t h e  Alaska Department of  F ish  and Game - M r .  Paul Pedersen was 
r e spons ib l e  f o r  t h e  c o l l e c t i o n  of  ca t ch  and escapement s t a t i s t i c s  and super- 
v i sed  t h e  c o l l e c t i o n  of information f o r  determinat ion of  age and s i z e  composition 
of t h e  runs .  M r .  Pedersen and M r .  P a r r  conducted tagging s t u d i e s ,  t h e  r e s u l t s  
of which were used a s  a  b a s i s  f o r  determining t h e  time of  e n t r y  of t h e  two s tocks  
of Chignik sockeye. 

FORECAST METHODS 

Since 1964 t h e  f o r e c a s t s  of t h e  e a r l y  and l a t e  segments of t h e  Chignik 
run ( e s s e n t i a l l y  t h e  Black Lake and Chignik Lake s tocks)  have been der ived  
s e p a r a t e l y .  Dahlberg (1968) p re sen t s  t h e  methods o f  f o r e c a s t i n g  both s tocks .  
A genera l  d e s c r i p t i o n  of  t h e  techniques and t h e  mathematical equat ions a r e  
presented  i n  t h e  appendix. 



Black Lake 

The f o r e c a s t  of t h e  abundance of age .3' Black Lake f i s h  i s  based on t h e  
number of  spawners i n  t h e  pa ren t  year  and tFe  number of age . 2  f i s h  one year  
before  t h e  r e t u r n  of age . 3  f i s h  (Appendix: f o r e c a s t  methodsr. Since most 
Black Lake f i s h  a r e  - 1 . 3  a t m a t u r i t y ,  t h e  escapement f i v e  years  be fo re  t h e  r e t u r n  
of  t h e  age . 3  f i s h  i s  used f o r  an e s t ima te  of  t h e  abundance of  parent  spawners. 
The number oT age . 2  f i s h  i n  t h e  run  of  t h e  previous f i v e  yea r s .  The expected 
number of  Black ~ a k ;  f i s h  i s  t h e  sum of  t h e  est imated numbers of  . 2  and . 3  f i s h .  - - 

Chienik Lake 

Unt i l  1967, t h e  number of age . 3  f i s h  bound f o r  Chignik Lake was est imated 
by averaging t h e  runs i n  r ecen t  year?. The f o r e c a s t s  were not  accu ra t e ,  and 
Dahlberg (1968) i nves t iga t ed  seve ra l  new methods of  f o r e c a s t i n g  t o  f i n d  a r e -  
l i a b l e  one. The b e s t  method found i s  based on t h e  r e l a t i o n s h i p  between t h e  
r a t i o  of abundance of  age . 3  f i s h  i n  one year  t o  t h a t  of  age .2  f i s h  i n  t h e  
previous year  and t h e  abundgnce of age - 2  f i s h  i n  t h e  previous-year ( t h e  r a t i o  
of  abundance of  age . 3  t o  t h a t  of age .2-fish changes with t h e  abundance of age 
. 2  f i s h ) .  The regresFion model used f o r  t h i s  r e l a t i o n s h i p  i s  given i n  t h e  
~ p p e n d i x  . 

Since we know t h e  number o f  age .2 f i s h  r e tu rn ing  i n  a g iven  year ,  we can 
es t imate  t h e  r a t i o  of  age . 3  f i s h  t o  a g e  . 2  f i s h  and then  t h e  number o f  age - 
. 3  f i s h  i n  t h e  run  i n  t h e  foi lowing year .  Again, a s  wi th  Black Lake, t h e  number 
OF age . 2  f i s h  t h a t  w i l l  r e t u r n  can be b e s t  es t imated by t h e  average number t h a t  
returned-in t h e  f i v e  previous yea r s .  

FORECAST OF THE RUN I N  1969 

Abundance 

The expected magnitude and age composition of t h e  Black Lake s tock  i n  1969 
a r e  a s  fo l lows:  

Age . 3  - f i s h  = 319,000 

Age . 2  - f i s h  = 38,000 

To ta l  s tock  = 357,000 

1 
The age des igna t ions  . 2  and . 3  r e f e r  t o  f i s h  which have spent  2 and 3 - 

win te r s  i n  t h e  ocean, respecFive ly .  The des igna t ion  1 . 3  i n d i c a t e s  t h a t  t h e  - 
f i s h  spent  one win ter  i n  f reshwater  a f t e r  emergence from t h e  g rave l  and t h r e e  
win te r s  i n  t h e  ocean. The per iod  i s  used t o  s epa ra t e  t h e  numerals f o r  f r e s h -  
water and t h e  ocean "age." 



The expected magnitude and age composition of t h e  Chignik Lake s tock  i n  
1969 i s  a s  fo l lows:  

Age . 3  f i s h  = 608,000 - 
Age . 2  - f i s h  = 55,000 

To ta l  s tock  - 663,000 

Time of  Entry 

In  order  t o  make b e s t  u se  of t h e  f o r e c a s t  t h e  management agency and t h e  
f i s h i n g  indus t ry  need t o  know when t o  expect t h e  run  t o  e n t e r  t h e  f i s h e r y .  
This  knowledge i s  he lp fu l  t o  t h e  f i s h i n g  indus t ry  i n  planning i t s  ope ra t ion .  
I t  enables  t h e  management agency t o  r e g u l a t e  more p r e c i s e l y  t h e  f i s h e r y  so 
t h a t  each l ake  r ece ives  i t s  t a r g e t  escapement. 

Since t h e  t ime of e n t r y  p a t t e r n  and du ra t ion  of  t h e  run v a r i e d  l i t t l e  
between years  i n  t h e  per iod  1962-1968 t h e  average time of  e n t r y  curves f o r  
each s tock  were used t o  p r e d i c t  t h e  t ime of  e n t r y  f o r  t h e  run  i n  1969 (Fig.  1 ) .  

DISCUSSION 

The p red ic t ed  t o t a l  r e t u r n  of  1,020,000 sockeye t o  t h e  Chignik River  
system i n  1969 compares favorably  with t h e  p a s t  10-year average of 981,000 f i s h .  
However, t h e  Black Lake f o r e c a s t  of 357,000 sockeye i s  s l i g h t l y  below t h e  
10-year average of 411,000, probably a s  a r e s u l t  of t h e  r e l a t i v e l y  small  number 
(137,073) of parent  spawners i n  1964. 

The optimum escapement f o r  t h e  Black Lake system has been est imated 
(Narver, 1966; Dahlberg, 1968) t o  be  i n  t h e  range of  400,000 sockeye. In  view 
of t h e  f o r e c a s t  of only 357,000 f i s h  f o r  Black Lake, and i f  t h e  r e t u r n  i s  i n  
t h e  range p red ic t ed ,  commercial f i s h i n g  p r i o r  t o  J u l y  1 w i l l  be  s i g n i f i c a n t l y  
r e s t r i c t e d  t o  al low adequate escapement t o  t h e  Black Lake spawning grounds. 
Since some Black Lake f i s h  a r e  s t i l l  passing through t h e  commercial f i s h e r y  a f t e r  
J u l y  1 and s i n c e  it w i l l  then  be necessary  t o  allow commercial f i s h i n g  on t h e  
Chignik Lake s tocks  i n  order  t o  a s s u r e  adequate ha rves t  o f  t h i s  s t ronge r  r e t u r n ,  
a t  l e a s t  a small  p o r t i o n  of  t h e  Black Lake r e t u r n  w i l l  b e  harves ted  i n c i d e n t a l l y  
with t h e  Chignik Lake r e t u r n .  I f  t h e  Black Lake r e t u r n  should be s t ronge r  than  
forecas ted ,  an at tempt  w i l l  be  made t o  ob ta in  an escapement nea re r  t h e  est imated 
optimum escapement of 400,000. 

The optimum escapement f o r  t h e  Chignik Lake system has  been est imated 
(Narver, 1966; Dahlberg, 1968) t o  be i n  t h e  range of  200,000 sockeye u n t i l  t h e  
Black Lake system has been s t a b i l i z e d .  I f  t h e  optimum escapement f o r  Black 
Lake i s  not  achieved i n  a given yea r ,  then  t h e  Chignik Lake escapement should 
be increased  t o  about 250,000. (S tudies  have ind ica t ed  t h a t  i f  Black Lake 
r ece ives  escapements i n  excess  of optimum escapement, a p o r t i o n  of t h e  r e s u l t i n g  
sockeye f r y  produced may migra te  from t h e  Black Lake r e a r i n g  a reas  t o  t h e  - 
Chignik Lake r e a r i n g  a r e a s .  I f  t h i s  phenomena occurs ,  o v e r u t i l i z a t i o n  of t h e  
Chignik Lake r e a r i n g  a r e a s  could occur,  thereby r e s u l t i n g  i n  a d d i t i o n a l  f r y  
m o r t a l i t i e s . )  The 1969 f o r e c a s t  of 663,000 f i s h  t o  t h e  Chignik Lake system, 
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Black Lake S tock  
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F igure  1. Expected time of en t ry  of t h e  Chignik sockeye run, 1969. 



would allow an est imated ha rves t ,  a f t e r  J u l y  1, of  approximately 400,000 
sockeye. 

Analysis  of tagging s t u d i e s  conducted i n  1963 and 1967 ind ica t ed  t h a t  
t h e  Cape Kumlik f i s h e r y  annual ly t akes  an apprec i ab le  number of t h e  f i s h  bound 
f o r  Chignik; t h i s  ca t ch  i s  considered a p a r t  of t h e  t o t a l  ca t ch  of Chignik sock- 
eye. 

The a n t i c i p a t e d  1969 t o t a l  r e t u r n  and commercial ha rves t  a r e  summarized 
below: 

Predic ted  Estimated 
T o t a l  Return Escapement Goal Commercial Harvest 

Black Lake 357,000 300,000-350,000 0-50,000 

Chignik Lake 663,000 200,000-250,000 400,000-450,000 

To ta l  
Chignik 1,020,000 500,000-600,000 400,000-500,000 
System 
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APY END I X 

Forecast  Methods 

Black Lake 

Model used: 

where R S 3  = Tota l  number ~f age - . J  f i s h  i.n year i i n  10,00Oss.  

S = Tota l  number o f  spawners i n  year  i - 5  i n  10 ,000 ' s .  

R a 2  
= Tota l  number af age - . 2  f i s h  i n  year i-1 i n  10,000's .  

E = Experimental e r r o r .  

The model was f i t t e d  t o  t h e  d a t a  shown i n  Appendix Tablc 1 wi th  t h e  a i d  
of a  computer program w r i t t e n  by Dahlberg (1967). Appendix Table 2  shows 
t h e  a n a l y s i s  of  var iance  t e s t  o f  t h e  s i g n i f i c a n c e  of  r eg re s s ion .  Appendix 
Table 3 p re sen t s  t h e  es t imates  o f  t h e  c o e f f i c i e n t s  o f  r eg re s s ion  and the  
s tandard  e r r o r  of R e g  on S and R e 2 .  



Appendix Table 1. Observed information used i n  f o r e c a s t i n g  t h e  
Black Lake run i n  1969 

Number of age . 2  Number of  age . 3  Number o f  spawners 
Year ( i )  f i s h  i n  year  i - i  f i s h  i n  year  i- i n  year  i -5  



Appendix Table 2. Results of analysis of variance of R regressed on the 
abundance of parent spawners and R. ?'?ish, Black Lake 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Regression 3148.9890 

Residua 1 714.2327 

Total 3863.2217 14 

---- - - 

** Significant at p = 0.01. 

Appendix Table 3. Least squares estimates of the parameters of the Black 
Lake forecast model, 1969 

Residual 
Standard Correlation 

Variance deviation coefficien~ 



Chignik Lake 

Dahlberg (1968) demonstrated t h e  s i g n i f i c a n t  r e l a t i o n s h i p  between R 
and R e 2  with t h e  following r eg res s ion  model: . 3  

where : 

R = Tota l  number of  age . 3  f i s h  i n  year  i i n  10,000's .  
. 3  - 

R = Tota l  number of  age .2 f i s h  i n  year  i-1 i n  1 0 , 0 0 0 ~ s .  
. 2  - 

E = Experimental e r r o r .  

The model was f i t t e d  t o  t h e  d a t a  shown i n  Appendix Table 4 and Appendix 
Fig.  1 by t h e  method of l e a s t  squares .  Appendix Table 5 p re sen t s  t h e  a n a l y s i s  
of va r i ance  t e s t  of t h e  s i g n i f i c a n c e  o f  r eg re s s ion .  Est imates  of  t h e  parameters  
a r e  : 

The est imated s tandard  d e v i a t i o n  of  t h e  l i n e  was 0.147, 



Appendix Table 4 .  Observed information used i n  forecas t ing the  
Chignik Lake run i n  1969. 

Number of age Number of age Ratio of 
. 2  f i s h  i n  - . 3  f i s h  i n  - 

Year ( i )  year i-1 year i 



Run o f  age . 2  i n  1000's 

,Appendix F igure  1. Rela t ionship  between t h e  r a t i o  6f t h e  r e t u r n  of  age . 3  f i s h  i n  year  i+l t o  t h a t  
age 2 f i s h  i n  year  i and t h e  abundance of  age . 2  i n y e a r  i, Chignik Lake. - 



Appendix Table 5. Results of analysis of variance of LoglO 
on the abundance of R . 2  fish, Chignik 
Lake. 

Source of Sum of Degrees of Mean 
variation squares freedom square F 

Regression 1.11510 1 1.11510 

51.927** 

Residual 0.23622 11 0.021474 

Total 1.35132 12 

** Significant at p = 0.01. 
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